Prackical ‘Pj&kam

programming b:j example

Converting a nucleotkide
sequence ko an amino
actad sequence

Decisions, decisions, decisions...



Topics to be covered

o Programming Models

- Structured vs Object oriented

- Self Contained vs Librarv based

o Command Line arquments
o Program logic

o Malee execubable



The Task

Write a “s&m[vt@.” program o Eranslate a
DNA sequence inko iks pro&em equivaten&

Input - DNA sequence file

Process - convert 3 letber bases to
appropriate AA code (one letter or 3 letter)
Output - Protein sequence file



The Solution

Three different programs

1) Brute force "dumb” program
2) Modular program that uses language features

3) Program builk on Bio?v%hom LLbro\rﬁ



Whab s your E;MFME

o RAW wnucleotide daka
sall one Line
o mulkl Lines
o separated by CR (Unix/Linux)
o separated by LF (Mac)
o separated by LF+ CR (Windows)
o Fasta formated data (has a header Line “>hame description”
o all one Line
o mulkl Lines
o separated by CR (Unix/Linux)
o separated b'j LF (Mac)
o separated by LF+ CR (Windows)
o Could be mulkiple records in the one file



F \

What is youy Ouk p il
o File Formal (REL Fasta, mullfocord

o Ohe or three lebtter codes (ARG vs R)

o Just khe Pra&em sequence or the DNA sequence ol ohe Line with the
Ehree lebber code beneakh ik

o Do we just want the best protein (start to stop code) or a full
translation

o Do we want the standard frame (starting at base 1 ) or an alternate
frame or all three

o What about reverse compliment?

o Lets not even think about sequences (genomic) with introns/exons



Process

o DNA -» Prolein or amino acids
o but n b&otogv ﬁNA*?QNA*rPrOEem

o who cares - kranslation ktable is
often in RNA format. So do we
convert the Us i the mabrix ko Ts
or do we cownvert the DNA ko RNA.



RNA Codons

Second Letter

v | ¢ | G
UUU | Phe [UCU UAU | Tyr |UGU | Cys
uuc Ucc | ser [UAC UGC
UUA |Leu UCA UAA Stop |UGA Stop
uuG uce UAG Stop |[UGG Trp
cuu ccu CAU | His |CGU
CUC | Leu|CCC | Pro |CAC CGC | Arg
CUA CCA CAA | GIn |CGA
CUG CCG CAG CGG

AUU AAU | Asn |AGU | ser
AGC
AGA
Ar
AGGl 9

ro
AUC Thr |AAC
AUA AAA
AUG AAG

| Lys

GUU GAU | Asp |GGU
GuC | va | GCC GAC GGC | gly
GUA GAA | clu | GGA
GUG GAG GGG

DNA Codons

2
| Tt | ¢ 1 A | G | |

TTT Phe | TCT Ser | TAT Tyr TGT Cys T

T TTC Phe | TCC Ser | TAC Tyr TGC Cys C
TTA Leu | TCA Ser | TAA stop | TGA stop A

G

TTG Leu | TCG Ser | TAG stop | TGG Trp

T Leu | CCT Pro | CAT His CGT Arg T

C CTC Leu | CCC Pro | CAC His CGC Arg C
CTA Leu | CCA Pro | CAA Gln CGA Arg A

G

CTG Leu | CCG Pro | CAG Gin CGG Arg

ATT lle ACT Thr | AAT Asn AGT Ser T

A ATC lle ACC Thr | AAC Asn AGC Ser C
ATA lle ACA Thr | AAA Asn AGA Arg A

G

ATG Met [ ACG  Thr [ AAG  Lys AGG  Arg

GTT Val GCT Ala | GAT Lys GGT Gly T

G GTC Val GCC Ala | GAC Asp | GGC Gly C
GTA Val GCA Ala | GAA Glu GGA Gly A

G

GTG Val GCG Ala | GAG Glu GGG Gly

‘Pra&&taltv the choice is wool, UNLESS
You were qoing to Eranslate ALOT of
sequences - then having to “transcribe”
all the DNA sequences into RNA before
translation would be a big waste




\e’msa&d&&v

o “Hard coding” file names or daka malkes
life easy, but very Limiting

o Learn to parse the command line for
file names and parameters

o Streaming data infout is also an op&om



‘Pvﬂ«om

Structure programming

o or

Object oriented programming
Self contained

o or

Use a LLbrm*tj (Bio?jﬁhon)



Python
Write if all jourset§

You are in TOTAL conkrol
No depemdemcies
' Self conkained

 Must do it all the work 30%%@1{ and nausk
test and validate (reinvent the wheel)

Nown-skandard



Using Libraries

> Prewritten code - simpler to metemem&
Standard (validate) code/function - &med avxci Eru.e

Musk undersktand e.xaaﬂv what Ehe Lubrarv code does
and you must Erust ik

Maj not have enocugh control or gr&v\giaﬁ,&v
; "Depemdemeies
. Need Fo Eraclke bhe cl@.pemd@.wf:i@.s

Licensing/distirbution issues



#!/usr/bin/env python
debug=1;

codon=|[

HATAH s "ATC" Z HATT" 5 "ATG" : "ACA" > "ACC" ; "ACG" X "ACT" x "AAC n - "AAT" ¥ "AAA" 2 "AAG" . IIAGC n : IIAGTII 3 "AGA" i IIAGGII ; IICTAII F IICTC n ; IICTGII ; IICTTII > IICCAH ; IIC
ccll ; IICCGII - "CCTII 3 "CAC" ; IICATII A "CAA" ¢ "CAG" % "CGA" ; IICGclI 3 IICGGII 5 IICGTII ; IIGTAII . IIGTC n F IIGTGII A IIGTTII 5 IIGCAII » "GCC" - IIGCGII 2 IIGCTII 3 "GAC" : IIGATII A "GA_A
n - "GAG" , "GGA" S "GGC" 5 IIGGGII ; IIGGTII ; "TCA" , "TCC" 5 IITCGII y IITCTII : IITTC n 3 IITTTII ; IITTAII g IITTGII 3 IITAC n y IITATII r "TAA" : "TAG" ; IITGC n 3 IITGTII 5 IITGAII 2 IITGGII ]

aminoacid=|[
llIll’llIll,llIll’IIMII,IITII,IITH,IITII,IITII’IINIl,IINIl’IlKll,llKll,Ilsll,llsll’IlRll’ IIRIl’ IILIl’ IILII’ IILIl’ IlLll’ IIPIl’ IIPIl’ "P", IIPIl’ "H", "H", "Q", "Q", "R", "R", IIRI
"V","V","V","V","A","A","A","A","D","D","E","E","G","G","G", "G", llsll, llsll, Ilsll, Ilsll, "F", "F", "L", "L", "Y", "Y", Il*ll, Il*ll, Ilcll, llcll, Il*l

'IRI
W]
line=""
dna=""

dna strip=
header=""
protein=

with open("short.fa") as read file:
for line in read file:
if line[0] in ['>']:
header=1line
else:
dna=dnat+line
seqglength=1len(dna)

if (debug):
print header
print (dna)
print seglength

for i in range(0,seqlength,1):
if (dna[i]!='\n' and dna[i]!='\r'):
dna_strip=dna_strip+dna[i]
seq_length strip=len(dna_strip)

if (debug):
print dna strip
print seq length strip

for i in range(0, seq length strip,3):
for j in range (0,len(codon),l):
if (dna strip[i:i+3] == codon[j]):
protein=protein+aminoacid[ j]

print header + protein



c&umbm&ramsﬁpj

Features:
e Hardcoded values
- Debug
- input file name
e Manual sEriFaF?E,MS of CR\LF
¢ Qutput to terminal (not file)
o Codons in separate Lists
e Double Loop

e No comments or usage info



SeaRendics
# lookup the AA or
for i

# rountine to re
def read fasta(:
dna=""

i out the fasta ’f!l_’g
def w‘nté_afast'aiir;ﬂe, sequence, output
i s Lo
i le open (output
i
write file.write(name +
secLle'x}'g-Eh = len(sequence)
i 0
range(0, secLleng%.h‘ 60) i #
write file.write(sequence[i
write_file.close() 4 y

HHHHHHAHAAAAAAAAAAAAAAAAAAAAAAAH# Start main () ###########ﬁ#####
SR

## Parse arguements.
args = get_args()
infile args.input.rstrip
outfile args.output.rstrip(
debug=args.debug
if (debug):
print (infile + "\t" + outfile)

#get the DNA sequence
seq = read_fasta(infile)

#translate the DNA sequence
prot = translate(seq[1l])

if (debug):
print seq[1l]
print seq[0] + "translated protein"”
print prot

#write out the protein sequence
write fasta(seq[0],prot,outfile)




be&&erm%rams.pv
Feaktures:

o Command Line arquments

- Debug

- Unpult/output file name
e Builk ih usage hetp
o Single codon d&a&&av\&rj
o Qubpul to file
e Use of rstrip to clean lines
e Use of dw&omarj lookup
o Comments and help



Bmpj&wm Librarj

Blopython is a set of freely available tools for biological
computation written in Python by an international team of
developers.

It is a distributed collaborative effort to develop Python
Libraries and applications which address the needs of
current and future work in bioinformaltics.

The source code is wmade available under bhe Biopvﬁkov\
License, which is ex&remei.j Liberal and compa&ibte wikth
almwost every Llicense i the world.


http://www.python.org/
https://github.com/biopython/biopython/blob/master/LICENSE.rst
https://github.com/biopython/biopython/blob/master/LICENSE.rst

Other Libraries of Note

NAME

Nu,m?j

)escription

NumPYy offers comprehensive
mathematical functions, random
number generators, linear algebra
routines, Fourier transforms, and
more.

https://numpy.org

S«ti‘?v

SciPy (pronounced “Sigh Pie”) is a
Python-based ecosystem of open-
source software for mathematics,
science, and engineering. In
particular, these are some of the core
packages:

https://www.scipy.org

Pandas

pandas is a fast, powerful, flexible
and easy to use open source data
analysis and manipulation tool,
built on top of the Python
programming language.

https://pandas.pydata.org

Du,[aj%er

Project Jupyter exists to develop
open-source software, open-
standards, and services for
interactive computing across dozens
of programming languages.

https://jupyter.org



https://numpy.org
https://www.scipy.org
https://www.python.org/
https://pandas.pydata.org
https://jupyter.org

#!/usr/bin/env python3 Cade MSEMQ BE«ijEkOM
#import Libraries . - - . ,

fronf B:,o Ln:P;rF: 5eqll , Seq = OMLj g LLMQS
from BioSeqRecord import SeqRecord

#seb file names
Infile="shortfa"

Outfile=" protein fa"

#read U the file
ittem=5SeqI0read(Infile,"fasta™)

#9et and set length (should be a multiple of 3)
seqlength=len(item.seq)
end = (int(seglength/3))=3

#print some debugging
print (Lkem.id)

print (Ltem.seq)

print (seqlength)

print (end)

#do the Erawnslaktion
Pro&eim:Squecord{i&em.seq[O:end].ErahsLaEe(),id:LEem.id, descriptionz="translated Fra&eim")

#Hwrite out the fasta file
Seql&wri&e(pro&eimOufz&i.e,"fas&a")



bmm&ramsqpv

Features:

o Command Lline arquments
- Debuq
- Unpubt/output file name

¢ Built in usage help

o Use of std functions to read/write fast files

¢ Single Line translation from builk inh codon
tables

¢ Commenks



better_trans.py vs bio_trans.py

def get_arqgs():

def read_fasta(tnput_file):

def translate(seq):

def write_fasta(name, sequence, au&pu&mﬁte):

def gebt_arqgs():

#read in the file
LEeszeqIﬁ‘read(im&i.e,"{o\s&a")

#do the Eranslakion

protein=sSeqRecord(item.seql 0:end ] transtate()id=item.id, description="
Eranslated”)

#write out the fasta file
Seqlﬁmri&e(Fro&em,ou&ﬁie,"-{&s&a")



Notes

Make scripts executable
% which python

First Line of script:
#!/usr/local/bin/python
#!/usr/local/bin/python3
#!/usr/bin/env python
#!/usr/bin/env python3
Command:

chmod a+x scriptname

Watch out for - indentation
Consistency with Tabs and Spaces

Parse arguments from command line
input/output and flags



Algorithms

A process or set of rules to be followed
th calculakions or other Probt&wwsoi.vi%g
operations, especially by o computer,

Using indexes to spe@.ci up processing



Find all the reskrickion sites i a
DNA sequence

Simple brute force vs “smarter search”
in the following slides it is assumed that all

restriction sites are 4-bp long and that bases in the
target sequence are equally distributed (256% A,G,C,T)



Brute Force
(sliding window)

ATGGTAAGCTGCTGATGCTGCATCC
AGCT

AGCT

AGCT
AGCT

AGCT
AGCT
AGCT
AGCT
AGCT




Smarter Search

(M‘Qv off first base)

AGCT AGCT AGCT AGCT

ATGGTAAGCTGCTGATGCTGCATCC



BRRUTE FORCE 100,000

1000 4-LETTER COMPARISONS * 100 ENZYMES=100,000

INDEX ON EACH BASE (4)

1000 1-LETTER COMPARISONS=1000 26 .500
4 1-LETTER COMPARISONS * 100 =4007# ‘
250 4-LETTER COMPARISONS * 100 ENZYMES=25,000

INDEX ON EACH 2-MER (16)

1000 2-LETTER COMPARISONS=1000
16 2 LETTER COMPARISONS * 100 =1600# 3 4 200
63 4-LETTER COMPARISONS * 100 ENZYMES=6,300

11X SPEEDUP

( #this could be recalculated in the enzyme file)



Opﬁimiz.a&om Cownsiderakions

Writing qood, clean efficient code
is always a good goal, but when is
it worth optimizing the process

e Something that takes a long time
Is 1t worth 1t to get a 10 fold
speedup 1f the programs takes
seconds - probably not

e Something that 1s run many many
times



